Here we describe the isolation and characterization of three psychrophilic strains closely related to strain T . We use the term psychrophile as a general term that describes a micro-organism that grows in a cold environment (Margesin et al., 2008; Margesin, 2009 ).
Cr9-12
T has been previously described as a strain of G. immobilis (Zhang et al., 2011) , and it is now proposed that this strain be reclassified as representing a novel species within the genus Glaciimonas and as representing the type strain of this novel species.
Strains 79 (5CCOS 247), 4/58 (5CCOS 250) and 4/56 (5CCOS 258) were isolated from the Damma glacier in Switzerland (46 u 389 N 8 u 279 E) at an altitude of 2100 m above sea level (Frey et al., 2010; Lapanje et al., 2012) .
Repetitive element PCR (rep-PCR) such as BOX-PCR and enterobacterial repetitive intergenic consensus sequence-PCR (ERIC-PCR) was selected as a molecular tool to discriminate all isolates using the method of Versalovic et al. (1994) . Strains 79, 4/58 and 4/56 were used for further taxonomic characterization on the basis of their different genomic fingerprinting profiles. All strains were routinely cultured on R2A agar at 10-15 u C and stored as a suspension in skimmed milk (10 %, w/v) at 280 u C. The morphology of cells grown for 5 days on R2A agar at 10 u C was examined by phase-contrast microscopy (61000; Leitz Diaplan). Motility was examined after 5 days at 10 u C by microscopy (61000) and by the presence of spreading growth on R2A soft agar (containing 0.3 % agar) plates and stab cultures (Süßmuth et al., 1987) . Gram staining was tested by using the bioMérieux Gram-stain kit and by the KOH (3 %, w/v) method described by Süßmuth et al. (1987) . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and cytochrome c oxidase activity was determined using 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine (Süßmuth et al., 1987) . Physiological and biochemical characteristics and enzyme activities were determined with the API 20 NE, API 20 E and API ZYM systems (bioMérieux) at 10 u C. In addition, all strains investigated were characterized physiologically at 20 u C using GN2 MicroPlates (Biolog) as described by Tang et al. (1998) . Plates were read after 3 days by eye and after 7 days by measuring the OD 562 .
Assimilation of glucose was tested at 10 u C in mineral medium in liquid culture as described by Zhang et al. (2010) . Oxidative/fermentative metabolism of glucose was determined at 10 u C as described by Süßmuth et al. (1987) on Hugh and Leifson's OF basal medium (1 % glucose, 0.2 % peptone, 0.1 % yeast extract, 0.5 % NaCl, 0.02 % K 2 HPO 4 , 0.008 % bromothymol blue, 0.3 % agar). Aerobic growth on different media was assessed at 10 u C on R2A agar [0.05 % yeast extract, 0.05 % peptone, 0.05 % Casamino acids, 0.05 % glucose, 0.05 % starch, 0.03 % sodium pyruvate, 0.03 % K 2 HPO 4 , 0.005 % MgSO 4 , 1.5 % agar (pH 7)], nutrient agar [NA; 0.5 % peptone, 0.3 % meat extract, 1.5 % agar (pH 7)] and TSA [trypticase soy agar; 1.5 % casein peptone, 0.5 % soy peptone, 0.5 % sodium chloride, 1.5 % agar (pH 7)]. Growth under anaerobic conditions was examined after 7 days of incubation at 10 u C in an anaerobic jar [containing Anaerocult A (Merck) to produce anaerobic conditions] on R2A agar supplemented with 10 mM KNO 3 . Growth under microaerophilic conditions was investigated at 10 u C on R2A agar after incubation in a microaerophilic atmosphere containing 8-10 % (v/v) carbon dioxide and 5-7 % (v/v) oxygen; this atmosphere was generated in sealed jars containing Anaerocult C (Merck). Amylase, lipase and protease were tested on R2A agar supplemented with the appropriate substrates: starch, Tween 80 and skimmed milk (Margesin et al., 2003) . Growth at 1, 5, 10, 15, 20, 25, 30 and 35 u C was assessed in R2A broth with shaking at 150 r.p.m. by measuring OD 600 regularly and on R2A agar. Growth at 25 uC was assessed in R2A broth (unshaken). Growth at pH 5, 6, 7, 8, 9 and 10 (using buffered media) and with 0, 1, 2, 3, 5, 7 and 10 % (w/v) NaCl was determined on R2A agar. All tests were carried out simultaneously with the isolates Cr9-12 T were grown on R2A agar at 10 u C for 5 days. All strains were in the stationary growth phase and shared similar growth behaviour and a sufficient amount of cells of similar physiological age could be harvested from the third streak quadrant of the R2A agar plates after cultivation under the conditions applied. The fatty acid methyl esters were extracted and prepared according to the standard protocol of the Sherlock Microbial Identification System (MIDI, version 6.1) (Sasser, 1990) , were analysed using an Agilent 6890N gas chromatograph and were identified using the database TSBA (version 4.10). Analysis of the cellular fatty acids was performed by the identification service of DSMZ (Braunschweig, Germany).
The predominant cellular fatty acids of the strains investigated were summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), 
G. singularis LMG 27070
T contained lower amounts of C 12 : 0 3-OH in comparison with Cr9-12 T (Tables 2 and S2 ).
For polar lipid and respiratory quinone analysis the strains were grown in R2A medium at 15 uC for 7 days and cells were harvested. Analyses of respiratory quinones and polar lipids were carried out by the identification service of the DSMZ according to the methods of Bligh and Dyer (1959) , Tindall (1990 a, b) and Tindall et al. (2007) .
For strains Cr9-12 T , 79, 4/58, 4/56 the only respiratory quinone was ubiquinone 8 and as shown in Fig. 1 the major polar lipids were phosphatidylethanolamine, diphosphatidylglycerol, aminophospholipid (PN1) and phosphatidylglycerol. These major components have been also found in the type strains of G. singularis and G. immobilis (Chung et al. 2013) . However, the type strains of G. singularis and G. immobilis contained higher amounts of phosphatidylglycerol compared with strain Cr9-12 T .
Minor polar lipids like phospholipid 3 (PL3) and aminolipid (AL) were detected in all strains with the exception of G. singularis LMG 27070 T (Fig. 1 ).
Genomic DNA was extracted from the investigated strains using the method of Goldenberger et al. (1995) . Genomic fingerprinting analysis was used to discriminate the isolates at strain level. ERIC-PCR produced 18 bands for strain Cr9-12 T with sizes of about 300 to 10 000 bp. The fingerprinting profiles of strains 79, 4/59 and 4/56 differed by 12 %, 9 % and 20 % when compared with strain Cr9-12 T using BioNumerics software version 7.1 created by Applied Maths.
Partial 16S rRNA gene sequences were amplified using primers bak11w, (Goldenberger 1997 ) and bak4, (Greisen et al., 1994) . To amplify rpoB gene fragments, PCR was carried out using the protocol of Salerno et al. (2007) . PCR products were cloned using a Qiagen PCR Cloning kit. Three independent clones of each PCR fragment were sequenced. Sequences were edited with the software CLC Workbench 6 (CLC bio). Consensus sequences were imported to the MEGA6 software (Tamura et al., 2013) and aligned using CLUSTAL_X (Thompson et al., 1997) . To generate phylogenetic trees, alignments were edited in the MEGA6 software, bootstrap analysis was performed and graphical representations of the data were calculated using maximum-likelihood distances.
Comparative sequence analysis of 1408 nt of the 16S rRNA gene revealed 99.9-100 % sequence similarity between the three novel strains and Cr9-12 T which demonstrates their high level of genealogical relatedness. Cr9-12 T showed 16S 6, G. singularis LMG 27070 T (all data from this study). All strains were incubated on R2A agar at 10 u C for 5 days prior to fatty acid analysis. Values are percentages of total fatty acids. ND, not detected. sequence of 1012 bp of the rpoB housekeeping gene (Fig.  S1 ). Strains Cr9-12 T , 79, 4/58 and 4/56 shared 99.7-99.9 % sequence identity based on the partial rpoB gene sequences and Cr9-12 T showed 93.2 % and 90.7 % identity to the type strains of G. immobilis 9-30 T and G. singularis LMG 27070 T , respectively. DNA-DNA hybridizations were performed in the presence of 50 % formamide at 44 u C according to a modification (Goris et al., 1998; Cleenwerck et al., 2002) of the methods described by Ezaki et al. (1989) . Both DNA G+C content and DNA-DNA relatedness values were determined by BCCM/LMG (Gent, Belgium).
Values of DNA-DNA relatedness between Cr9-12 T , 79, 4/ 58, 4/56, G. immobilis Cr9-30 T and G. singularis LMG 27070 T are shown in Table S3 . Strains Cr9-12 T , 79, 4/58 and 4/56 showed more than 70 % DNA-DNA relatedness to each other. As 70 % DNA-DNA relatedness is generally accepted as the limit for species demarcation (Wayne et al., 1987) , these three strains are concluded to represent the same species. On the other hand, strains Cr9-12 T , 79, 4/58 and 4/56 showed significantly less (15±1 to 23±5 %) than 70 % DNA-DNA relatedness with the type strains of G. immobilis Cr9-30 T and G. singularis LMG 27070 T .
The genomic DNA G+C content of strains Cr9-12 T , 79, 4/58 and 4/56 was determined by standard HPLC analysis as the mean of three independent analyses of the same DNA sample (Mesbah et al., 1989 The data presented in this study indicate that strains Cr9-12 T , 79, 4/58 and 4/56 are psychrophilic members of the genus Glaciimonas, able to grow well at 1-20 u C and, with the exception of strain 4/56, even to grow at sub-zero temperatures (25 u C).
The genotypic and phenotypic data indicate that strains 79, 4/58, T represent a novel species of the genus Glaciimonas for which the name Glaciimonas alpina sp. nov. is proposed.
Description of Glaciimonas alpina sp. nov.
Glaciimonas alpina (al.pi9na. L. fem. adj. alpina of or pertaining to the Alps; alpine, referring to the isolation of the strains from alpine environments).
Cells stain Gram-stain-negative and are non-motile rods, 0.962.5-3.0 mm in size after 5 days at 10 uC on R2A agar. Colonies on R2A agar are white, convex, smooth and circular with entire margins. Growth occurs under aerobic and microaerophilic conditions, growth does not occur under anaerobic conditions. Strong growth is observed at 1-20 u C in R2A broth and growth at 25 u C is absent on agar plates and weak in broth; no growth occurs at 30 u C on R2A agar. Most strains show growth at 25 uC in R2A broth. Cells also grow at pH 6-8 (weak growth at pH 5) and with 0-2 % (w/v) NaCl. Growth is absent on nutrient agar at 10 uC. Oxidation of L-fucose and bromosuccinic acid at 20 u C and utilization of D-mannitol at 10 u C are clearly positive and are the main biochemical characteristics for differentiating G. alpina from G. immobilis and G. singularis. Oxidation of c-hydroxybutyric acid at 20 u C is variable between strains. Cells are positive for cytochrome c oxidase, catalase, esterase (C4), esterase lipase (C8), leucine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Cells are negative for nitrate reduction, H 2 S production, indole production from tryptophan, lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, mannosidase, afucosidase, arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase, amylase, urease, gelatinase and tryptophan deaminase. Cells are positive for assimilation of glucose, Larabinose, maltose, D-mannitol, capric acid, adipic acid, phenylacetic acid and potassium gluconate. Assimilation of malic acid and trisodium citrate is weak. Negative for glucose fermentation and assimilation of N-acetylglucosamine. The predominant cellular fatty acids are summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 16 : 0 and C 18 : 1 v7c. The only respiratory quinone is ubiquinone 8 (UQ-8) and the major lipids are phosphatidylethanolamine, diphosphatidylglycerol and aminophospholipid 1 and phosphatidylglycerol. Phospholipid, aminophospholipid 2 and aminolipid are present in moderate amounts. 
